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რეზიუმე 
oTar niSnianiZis disertacia ,,eleqtruli sistemebis normaluri da 
gansakuTrebuli reJimebi” exeba aqtualur problemas. naSromi Sedgeba 122 
gverdisagan da doqtoris akademiuri xarisxis mosapoveblad wardgenili 
disertaciis gaformebis instruqciis mixedviT moicavs: titulis gverds, 
xelmowerebis gverds, saavtoro uflebebis gverds, reziumes or enaze 
(qarTul-inglisuri), Sinaarss (sarCevs). ZiriTadi teqsti Sedgeba Sesavlis, 
literaturis mimoxilvis, eqvsi Tavis, daskvnis da gamoyenebuli literaturis 
siisagan. 
SesavalSi ganxilulia kvlevis aqtualoba, problemis Seswavlis 
mdgomareoba, kvlevis mizani da amocanebi, kvlevis sagani, Teoriuli da 
meTodologiuri safuZvlebi, kvlevis mecnieruli siaxle, naSromis 
praqtikuli mniSvneloba, naSromis aprobacia, misi moculoba da struqtura. 
pirvel TavSi ganxilulia aRniSnul problemasTan dakavSirebuli 
Teoriuli safuZvlebi. eleqtruli sistemebis Canacvlebis sqemebi da maTi 
elementebi; ganxilulia aRniSnul sakiTxTan dakavSirebuli literatura.  
meore TavSi ganxilulia sistemis mdgomareobis amsaxveli gantolebebi, 
kvanZuri da konturuli gantolebebis miRebis meTodebi. ganxilulia 
eleqtruli qselebis analizis topologiuri meTodebi. warmodgenilia 
eleqtruli reJimis aRmweri universaluri gantolebebi. ganxilulia kvanZuri 
gantolebebis Sedgena transformatoruli kavSirebis gaTvaliswinebiT. 
mesame TavSi mocemulia eleqtruli qselebis ganzogadebuli 
parametrebis, kvanZebis sakuTari da urTierTwinaRobebisa da Stoebis 
sakuTari da urTierTgamtarobis matricebis gaangariSebis meTodebi. 
damuSavebulia gaangariSebis meTodika, romelic iZleva garkveul 
upiratesobas arsebulTan SedarebiT da agreTve iZleva kompiuteruli 
resursebis dazogvis saSualebas. ganxilulia grZivi dazianebebis denisa da 
Zabvis wyaroebiT modelirebis sakiTxebi. 
meoTxe TavSi mocemulia normaluri reJimis parametrebis gaangariSebis 
algoriTmebi (ganivi da grZivi ganzogadebuli parametrebis saSualebiT). 
Seicavs Zabvis regulirebis imitacias. iTvaliswinebs datvirTvis 
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damokidebulebas Zabvaze, asaxuls statikuri maxasiaTebliT. programaSi 
gaTvaliswinebulia informaciis dagroveba monacemTa bazaSi cxrilebis 
saxiT, romelic warmoadgens SemdgomSi sawyis informacias sxvadasxva tipis 
gaangariSebebSi.  
mexuTe TavSi mocemulia simetriul mdgenelTa meTodis gamoyeneba 
arasimetriuli reJimebis angariSis dros. romlis arsi mdgomareobs 
arasimetriuli reJimis daSlaSi sam simetriul reJimad. ganxilulia 
arasimetriuli reJimebis analizi gansakuTrebuli fazis simetriuli 
mdgenelebis saSualebiT da damuSavebulia misi realizaciisaTvis 
aucilebeli saangariSo meTodebi. 
meeqvse TavSi mocemulia grZivi asimetriis dros miRebuli reJimebis 
analizi dazianebuli fazis simetriuli mdgenelebis saSualebiT. am 
SemTxvevaSi xazis gawyvetis modelirebas vaxdenT dazianebis adgilze 
idealuri Zabvis wyaros CarTviT. yvela saxis grZivi dazianeba warmodgenilia 
rogorc erTfaza dazianebebis Sesabamisi reJimebis zeddeba (xazis ori da 
sami fazis gawyveta warmodgenilia rogorc fiqtiur xazebSi erTfaza 
gawyvetebis dros miRebuli eleqtruli reJimebis zeddeba damatebiTi pirobis 
gaTvaliswinebiT) aseTi midgoma warmoadgens mecnierul siaxles da reJimebis 
analizis SesaZleblobebs SeuzRudavs xdis. 
bolos mocemulia daskvna da gamoyenebuli literaturis CamonaTvali.  
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Abstract 
Otar Nishnianidze’s dissertacion “Electrical Systems for normal and special modes” concerns actual 
problems. The work consists of 122 pages and according the guidance for thesis drawing up, presented for 
receiving academic degree of Doctor, contains: pages of a title, a signature, author’s rights, abstract in two 
languages (Georgian-English), content. Main text consists of introduction, discussion of the literature, six 
chapters, conclusion and the list of used literature. 
Actuality of the research, conditions of problem learning, objects and goals, subject of the research, 
theoretical and methodological basis, scientific news of the research, approbation of the work, its size and 
structure are reviewed in the introduction. 
Theoretical principles associated with mentioned problem are discussed in the first chapter. Equations 
expressing the condition of the system replacement schemes  are  discussed. Literature associated to this issue is 
reviewed. 
In the second chapter there is discussed system state reflecting equations, methods of obtaining of nodal 
and cycle equations. Topological methods of electrical network analysis are discussed. The electrical mode is 
describing of the universal equations. In the chapter is described making of nodal equation considering 
transformer coupling. 
In the third chapter is presented calculating methods of electric network generalized 
parameters, own and interconductivity matrixes of nodes and branches. There is elaborated and 
explained methods of calculation of generalized parameters, which gives specific advantages than 
the last one and it also gives possibility to save computer resources. linear asymmetry  issues are 
discussed of the current and voltage sources modeling. 
In the fourth chapter is presented algorithm of parameters calculation for normal mode. It 
consists of tension regulating imitation. In the program is considered accumulation of information in 
database through schedules which becomes initial information in different type of calculations. In the 
chapter is described line break modeling through ideal current and tension sources. 
In the fifth chapter is discussed application of center limiter method. Formation of joint method 
for calculating asymmetric malfunction parameters gives possibility of conducting relevant accounts in 
case of any kind of and combination damage. Analysis of asymmetric damages is based upon center 
limiter methods which main point is to divide asymmetric mode into three symmetric modes in order in 
each conformity diagram to apply all those methods equal to symmetric systems. The analysis of 
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asymmetric mode object moves through a Symmetric particular phase. There are developed methods for 
the realization of the required reporting. 
In the sixth chapter is discussed mode analysis in linear asymmetry through Damaged phase 
center limiters. We make line breaking modeling at the place of damage through tension source which 
tension corresponds to tension at the place of break with size and direction. We can make imitation of 
the line break of any number by switching relevant ideal tension sources on. We presented breaking of 
two and three phases of all lines as in actual lines while single breaks which means confluence of actual 
lines. In case of confluence own and interconductivity of the lines are equal and this condition is 
maintained in all three conformity diagrams. Such an approach is scientific innovation and that makes 
modes of analysis  any opportunities. 
At the end conclusions and the list of used literature is given. 
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kvlevis aqtualoba. energosistemis sxvadasxva pirobebSi 
funqcionirebisas Cndeba normaluri da avariuli reJimebis eleqtruli 
parametrebis gaangariSebis saWiroeba. normaluri reJimis gaangariSebas 
gansakuTrebuli mniSvneloba eniWeba im garemoebebis gamo, rom am angariSis 
Sedegebi (nakadganawileba, kvanZuri Zabvebi, Zabvisa da simZlavris 
danakargebi) aucilebelia ara marto eqspluataciis procesisaTvis, aramed 
aucilebelia sxvadasxva amocanis amoxsnis drosac.  
energosistemis normalurad funqcionirebisaTvis aseve aucilebelia 
avariuli reJimebisa da damyarebuli arasrulfaza reJimebis parametrebis 
gaangariSeba da analizi. damyarebuli arasrulfaza reJimebis ganxilvas 
gansakuTrebuli mniSvneloba eniWeba im garemoebebis gamo, rom 
energomomaragebis saimedoobis uzrunvelsayofad dasaSvebia xangrZlivi 
droiT aseTi reJimebis arseboba. 
kvlevis meTodebi. kvlevis procesSi gamoyenebuli iyo eleqtruli 
qselebis Teoriis ZiriTadi sakiTxebi. gamoyenebuli iyo aseve matriculi 
algebris Teoria, topologiuri analizis safuZvelebi da gamoyenebiTi 
maTematikis elementebi, ZiriTadad, wrfivi da arawrfivi gantolebebis 
amoxsnis sferodan. rasac didi mniSvneloba qonda  normaluri da avariuli 
reJimis aRmweri wrfivi da arawrfivi gantolebebis formirebisa da Semdgom 
maTi amoxsnis procesisaTvis. damuSavebuli meTodikis safuZvelze 
Catarebuli iyo aseve gaangariSebebi programa MATLAB-is saSualebiT, 
romlebmac Seuqmnes safuZveli grZivi dazianebebis aRmweri unificirebuli 
maTematikuri modelis Seqmnas. 
  arsebuli meTodebis naklovaneba. arasrulfaza reJimebis Teoria 
naklebad aris warmodgenili literaturaSi. bolo dros warmodgenili 
kompiuteruli programebiT gaangariSebas awarmoeben mxolod ori 
erTdrouli dazianebis dros miRebuli reJimisTvis. Cven CavatareT 
samuSaoebi da kvleva-Zieba raTa mogvexerxebina yvela tipis erTdrouli 
grZivi dazianebis gaangariSeba. 
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naSromis mizani. Cvens mizans warmoadgenda meTodikis damuSaveba, 
romelic avariuli parametrebis gaangariSebis saSualebas mogvcemda 
nebismieri saxisa da raodenobis grZivi dazianebis dros. 
mecnieruli siaxle. SemoTavazebuli unificirebuli meTodikis 
safuZvelze SesaZlebelia Sesruldes rTuli avariuli reJimebis 
gaangariSeba. arasimetriuli dazianebebis SemTxvevaSi, simetriuli 
sistemebisaTvis Camoyalibebuli Teoria gavrcelebulia avariuli reJimebis 
simetriul mdgenelebzec. rogorc cnobilia, arasimetriuli dazianebebis 
analizi eyrdnoba simetriul mdgenelTa meTods, romlis arsi mdgomareobs 
arasimetriuli reJimis daSlaSi sam simetriul reJimad, raTa Semdgom 
TiToeuli mimdevrobis sqemaSi gamoyenebuli iqnes yvela is meTodi, romelic 
samarTliania simetriuli sistemebisaTvis. kavSiri mimdevrobebs Soris 
myardeba avariis adgilas im sasazRvro pirobebis mixedviT, romelic 
axasiaTebs ama Tu im dazianebas. 
erTfaza dazianebebis sasazRvro pirobebi mosaxerxebelia 
unificirebuli gantolebebis misaRebad. amitom warmodgenili meTodikis 
Tanaxmad, yvela saxis dazianebas ganvixilavT rogorc erTfaza avariuli 
reJimebis zeddebas (damatebiTi SemzRudavi pirobebis gaTvaliswinebiT), 
magaliTad, gadamcemi xazis samive fazis gawyveta warmoidgineba rogorc sami 
erTfaza gawyvetis Sedegad miRebuli reJimis zeddeba (aseve ganixileba ori 
fazis gawyvetac). 
Sedegi. aseTi midgoma saSualebas iZleva wrfivi unificirebuli 
gantolebebiT aRiweros avariuli reJimiLerTdrouli simetriuli da 
nebismieri saxis arasimetriuli dazianebis dros. avariebis analizis 
saSualebebi ki SeuzRudavi gaxados. warmodgenili meTodikis safuZvelze 
SevqmeniT maTematikuri modeli da CavatareT angariSebi programa MATLAB-is 
saSualebiT. 
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naSromis aprobacia. 
naSromis ZiriTadi Sedegebi warmodgenili iqna saqarTvelos teqnikuri 
universitetis #17 mimarTulebis Tematur seminarebze 
2011 weli saqarTvelos teqnikuri universitetis Ria saerTaSoriso 
samecniero konferencia, energetikis seqcia – I adgili 
publikaciebi. disertaciis Temaze gamoqveynebulia statiebi 
recenzirebad, referirebad reitingul samecniero JurnalebSi. 
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თავი I 
1.1 ნაშრომში წარმოდგენილ პრობლემასთან დაკავშირებით არსებული 
ლიტერატურის მიმოხილვა 
eleqtroenergetikuli sistemis reJimebis gaangariSebasTan dakavSirebiT 
arsebul SromebSi ganxilulia reJimis parametrebis gaangariSebis sxvadasxva 
meTodebi. mocemulia topologiuri analizis safuZvlebi, detalurad aris 
ganxiluli sistemis mdgomareobis amsaxveli ZiriTadi gantolebebi da am 
gantolebebis klasifikacia. mravali naSromi eZRvneba eleqtruli sistemis 
damyarebuli reJimebis gaangariSebis sxvadasxva meTodebs (kvanZurs, 
konturuls). garda amisa ganxilulia am amocanis amoxsnis sxvadasxva 
meTodebi rogorc pirdapiri  aseve iteraciuli. gamokveTilia am meTodebis 
gansxvaveba da upiratesoba konkretuli amocanebis gadawyvetis dros. 
gansakuTrebuli adgili ukavia Tanamedrove algoriTmebs, romlebic didi 
ganzomilebis amocanebis gadawyvetis saSualebas iZleva da uzrunvelyofs 
kompiuteruli resursebis efeqturad gamoyenebas. 
 
1.2 ელექტრული სისტემების ჩანაცვლების სქემები და მათი ელემენტები 
eleqtruli sqema Sedgeba wredis yvela elementis standartuli, 
grafikuli simboloebisagan da gviCvenebs maTi SeerTebis Tanmimdevrobas da 
amasTanave asaxavs gansaxilveli eleqtruli wredis Tvisebebs. eleqtruli 
sqemis elementebi iyofian aqtiur da pasiur elementebad. 
eleqtruli wredis damyarebuli reJimi, denisa da Zabvis wyaroebis 
arsebobisas, aris wredis iseTi mdgomareoba, romlis drosac deni nebismier 
StoSi da Zabva nebismier kvanZSi aris ucvleli garkveuli drois 
ganmavlobaSi. 
yvela realuri wredi aris arawrfivi, magram xSirad modelirebis 
saWiro sizuste arawrfivobis ugulvebelyofis saSualebas iZleva. 
pasiur elementebs miekuTvneba eleqtruli sistemis elementebi, 
romlebic axorcielebs eleqtruli energiis gadacemas da gardaqmnas 
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(eleqtrogadamcemi xazebi, transformatorebi da avtotransformatorebi, 
agreTve grZivi da ganivi kompensaciis araregulirebadi statikuri 
mowyobilobebi). am elementebis Canacvlebis sqemebi Sedgeba aqtiuri, 
induqciuri da tevaduri winaRobebisagan, romlebic qmnis grZiv (neitralTan 
aradakavSirebuli) an ganiv (neitralTan dakavSirebuli) Stoebs. 
თავი II 
სისტემის მდგომარეობის ამსახველი განტოლებები 
2.1 კირხჰოფის კანონებზე დაფუძნებული განტოლებები 
 
sistemis mdgomareobis amsaxveli yvela gantoleba emyareba kirxhofis 
kanonebs. ZiriTadad gamoiyeneba kirxhofis gantolebebis gardasaxviT 
miRebuli kvanZuri da konturuli gantolebebi, romelTa ganzomilebac 
mniSvnelovnad naklebia uSualod kirxhofis kanonebis mixedviT Sedgenil 
gantolebebTan SedarebiT. 
 
2.2 სისტემის მდგომარეობის ამსახველი განტოლებების მიღება ტოპოლოგიური 
ანალიზის მეთოდების გამოყენებით. 
yvela SemTxvevaSi sqemis topologia aisaxeba incidenciis I da II 
matricebiT, romlebic Tavis mxriv aisaxebian sqemis pasiuri parametrebis 
amsaxvel matricebSi. incidenciis I matrica (M) asaxavs kavSirebs 
damoukidebel kvanZebsa da Stoebs Soris, anu gansazRvravs el. qselis 
grafikul saxes. rac Seexeba incidenciis II matricas (N). incidenciis II 
matrica asaxavs kavSirs el. qselis damoukidebel konturebsa da Stoebs 
Soris. eleqtruli reJimebis analizisa da parametrebis gaangariSebisadmi 
wayenebuli Tanamedrove moTxovnebi, romlebic ganpirobebulia, rogorc 
dasaxuli amocanebis sirTuliT, aseve teqnikuri resursebis gazrdiT, 
gansakuTrebul mniSvnelobas aniWeben ganzogadebulparametrebiani modelebis 
Seqmnasa da maTi gamoyenebis meTodebis damuSavebas. 
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2.3 სისტემის მდგომარეობის აღმწერი უნიფიცირებული განტოლებები 
oTxi ZiriTadi aqtiuri parametris - 𝑈𝑈კვ, 𝐼𝐼კვ, , 𝐼𝐼შტ,𝐸𝐸შტ 
urTierTdamakavSirebel gantolebebs aqvs saxe [1]: 
𝑀𝑀𝑌𝑌დ𝑀𝑀
𝑇𝑇𝑈𝑈კვ + 𝑀𝑀𝑌𝑌დ𝐸𝐸შტ = 𝐼𝐼კვ
𝑌𝑌დ𝑀𝑀
𝑇𝑇𝑈𝑈კვ + 𝑌𝑌კვ𝐸𝐸შტ = 𝐼𝐼შტ   (1) 
sadac: 𝑈𝑈კვ, 𝐼𝐼კვ aris kvanZuri Zabvebisa da kvanZuri denebis veqtor-
marticebi, 𝐼𝐼შტ,𝐸𝐸შტ - StoebSi gamavali denebisa da Zabvebis veqtor-matricebi, 
𝑀𝑀𝑌𝑌დ𝑀𝑀
𝑇𝑇 = 𝑌𝑌კვ kvanZuri gamtarobis matrica. 𝑀𝑀 - incidenciis I matrica, romelSic 
asaxulia sqemis topologia. (1) gantolebebidan vRebulobT yvela kerZo 
SemTxvevas, sawyis informaciasTan dakavSirebuls. SemTxveva, rodesac 
mocemulia mxolod kvanZuri denebi, miiReba (1)-dan. 
𝑌𝑌კვ𝑈𝑈კვ = 𝐼𝐼კვ Tu bazisuri Zabva ar udris nuls da mocemulia misi 
mniSvneloba Ub, maSin kvanZuri Zabvebis gantoleba matriculi formiT iqneba: 
𝑀𝑀𝑌𝑌დ𝑀𝑀
𝑇𝑇(𝑈𝑈კვ − 𝑈𝑈ბ) = 𝐼𝐼კვ  anu    𝑌𝑌კვ(𝑈𝑈კვ − 𝑈𝑈ბ) = 𝐼𝐼კვ (4) 
miRebuli gantolebis Sebrunebuli forma iqneba:   
𝑈𝑈კვ − 𝑈𝑈ბ = 𝑍𝑍კვ𝐼𝐼კვ = 𝑌𝑌კვ−1𝐼𝐼კვ 
dasaxuli amocanebidan gamomdinare, SesaZlebelia gamoyenebuli iqnes 
Canacvlebis sqema sadac mocemuli iqneba rogorc kvanZuri denebi 
(simZlavreebi), aseve StoebSi CarTuli e.m.Z-ebi. es amocanac aris kerZo 
SemTxveva, romelic miiReba (1) zogadi gantolebebidan.     
amgvarad (1)-is gaTvaliswinebiTHvRebulobT kvanZuri Zabvebis 
gantolebas StoebSi e.m.Z.-is arsebobis dros. 
𝑀𝑀𝑌𝑌დ𝑀𝑀
𝑇𝑇𝑈𝑈კვ = 𝐼𝐼კვ −𝑀𝑀𝑌𝑌დ𝐸𝐸   anu     𝑌𝑌კვ𝑈𝑈კვ = 𝐼𝐼კვ −𝑀𝑀𝑌𝑌დ𝐸𝐸      (8) 
am gantolebis Sebrunebuli forma iqneba: 
𝑈𝑈კვ = 𝑌𝑌კვ−1𝐼𝐼კვ − 𝑌𝑌კვ−1𝑀𝑀𝑌𝑌დ𝐸𝐸 = 𝑍𝑍კვ𝐼𝐼კვ − 𝑍𝑍კვ𝑀𝑀𝑌𝑌დ𝐸𝐸            (9) 
13 
 
amgvarad, (1) gantolebaTa sistema warmoadgens universalur maTematikur 
models, romliTac aRiwereba nebismieri damyarebuli reJimi eleqtrul 
sistemaSi. 
 
2.4 kvanZuri Zabvebis gantolebebi transformatoruli kavSirebis 
gaTvaliswinebiT   
Cven aqamde vixilavdiT kvanZuri Zabvebis gantolebebs im 
SemTxvevisaTvis, rodesac mTliani elqtruli wredi warmoadgenda erTi 
nominaluri Zabvis qsels, an dayvanili iyo Zabvis erT safexurze, rasac 
adgili aqvs magaliTad,  fardobiT erTeulebSi warmoebuli angariSebis 
dros. sxvadasxva nominaluri Zabvis mqone qselis reJimis parametrebis 
gaangariSeba saxelobiT erTeulebSi ganxilulia nax.1-ze warmodgenili 
qselis magaliTze. 
1I
1U
1
1K
1I ′
1
1
K
U
1U ′
1y
1I
4U
4
2I2y
2U ′
2
2
K
U
2K
2I ′
2I
2
2U
3K
4I ′
3
3
K
U
3U ′ 3U 3I
3I
3y
3
4I
4y
  
nax.1 
nax.1-ze mocemulia eleqtruli qseli, romelic Sedgeba ramodenime 
Zabvis safexurisagan U1, U2, U3. Cveni mizania SevadginoT kvanZuri Zabvebis 
gantolebebi iseTnairad, rom maTi amoxsniT miviRoT kvanZuri Zabvis 
sidideebi gadaangariSebis gareSe. me_4 kvanZi miviCnioT mabalansirebel 
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kvanZad da aviRoT Zabvis garkveuli U4=Ub mniSvneloba. kvanZuri Zabvebis 
gantolebebi SevadginoT 1, 2, 3, kvanZebisaTvis. 
am SemTxvevaSi incidenciis pirveli matrica iqneba: 
𝑀𝑀 =
⎣
⎢
⎢
⎢
⎢
⎢
⎡−
1
𝐾𝐾1 0 1 00 − 1
𝐾𝐾2 −1 10 0 0 − 1
𝐾𝐾3⎦⎥
⎥
⎥
⎥
⎥
⎤
 
kvanZuri gamtareblobis matrica transformaciis koeficientebis 
gaTvaliswinebiT, iRebs saxes: 
  ?̇?𝑌კვ = 𝑀𝑀 ∙ ?̇?𝑌დ ∙ 𝑀𝑀𝑇𝑇 =
⎣
⎢
⎢
⎢
⎢
⎢
⎡−
1
𝐾𝐾1 0 1 00 − 1
𝐾𝐾2 −1 10 0 0 − 1
𝐾𝐾3⎦⎥
⎥
⎥
⎥
⎥
⎤
∙ �
?̇?𝑦1 0 0 00 ?̇?𝑦2 0 00 0 ?̇?𝑦3 00 0 0 ?̇?𝑦4� ∙
⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎡−
1
𝐾𝐾1 0 00 − 1
𝐾𝐾2 01 −1 00 1 − 1
𝐾𝐾3⎦⎥
⎥
⎥
⎥
⎥
⎥
⎤
=
=
⎣
⎢
⎢
⎢
⎢
⎢
⎡�
1
𝐾𝐾12 ?̇?𝑦1 + ?̇?𝑦3� −?̇?𝑦3 0
−?̇?𝑦3 � 1𝐾𝐾22 ?̇?𝑦2 + ?̇?𝑦3 + ?̇?𝑦4� − 1𝐾𝐾3 ?̇?𝑦40 − 1
𝐾𝐾3 ?̇?𝑦4 − 1𝐾𝐾32 ?̇?𝑦4⎦⎥⎥
⎥
⎥
⎥
⎤
 
kvanZuri Zabvebis matriculi gantoleba transformaciis koeficientebis 
gaTvaliswinebiT ki iqneba: 
⎣
⎢
⎢
⎢
⎡�
1
𝐾𝐾12 ?̇?𝑦1 + ?̇?𝑦3� −?̇?𝑦3 0
−?̇?𝑦3 � 1𝐾𝐾22 ?̇?𝑦2 + ?̇?𝑦3 + ?̇?𝑦4� − 1𝐾𝐾3 ?̇?𝑦40 − 1
𝐾𝐾3 ?̇?𝑦4 − 1𝐾𝐾32 ?̇?𝑦4⎦⎥
⎥
⎥
⎤
�
?̇?𝑈1
?̇?𝑈2
?̇?𝑈3� = �
−𝐼𝐼1̇
𝐼𝐼2̇
−𝐼𝐼3̇� + �
1
𝐾𝐾1 ?̇?𝑦1𝑈𝑈41
𝐾𝐾2 ?̇?𝑦2𝑈𝑈40 �  (10) 
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თავი III 
ელექტრული ქსელების განზოგადოებული პარამეტრები. ხაზის გაწყვეტის 
მოდელირება იდეალური დენისა და ძაბვის წყაროებით 
3.1. კვანძების საკუთარი და ურთიერთწინაღობა. 
kvanZis sakuTari winaRoba aris winaRoba aRniSnul kvanZsa da bazisur 
kvanZs Soris. urTierTwinaRoba i da j kvanZs Soris aris sidide, romelic 
ganapirobebs Zabvas j kvanZSi, rodesac mocemulia kvanZuri deni i kvanZSi. 
kvanZebis sakuTari da urTierTwinaRobebis gansazRvra SesaZlebelia moxdes 
kvanZuri gamtarobebis matricis SebrunebiT.  
3.2 მატრიცის შებრუნების ოპერაციის ფიზიკური არსი.  
matricis Sebruneba eqvivalenturia procesisa, rodesac qselSi 
garkveul adgilze CarTuli erTi saxis energiis wyaro (Zabvis an denis) 
icvleba meore saxis (Zabvis an denis) energiis wyaroTi, xolo am energiis 
wyaroebis urTierTdamokidebuleba aRiwereba aRniSnuli matricis 
elementebiT. 
3.3 გაუსის მეთოდის შესაბამისობა სქემის გარდასახვებთან 
matricul gantolebaSi nebismieri striqonis Sesabamisi ucnobis 
gamoricxva Seesabameba koeficientebisa da Tavisufali wevrebis gausis 
formuliT gadaangariSebas. Sesabamisad miiReba erTiT naklebi gantolebaTa 
ricxvi. aRniSnuli operacia Seesabameba gansaxilveli sqemis gardasaxvas, anu 
შესაბამისი კონტურების ან კვანძების რიცხვის ერთით შემცირებას. 
3.4 კვანძების საკუთარი და ურთიერთწინაღობებისა და შტოების საკუთარი და 
ურთიერთგამტარობების მატრიცების გაანგარიშების მეთოდები 
naSromSi moyvanilia kvanZebis sakuTari da urTierTwinaRobebisa da 
Stoebis sakuTari da urTierTgamtarobebis matricebis gaangariSebis meTodi, 
romelic kompiuteruli resursebis efeqturad gamoyenebis saSualebas iZleva. 
3.5 ხაზის გაწყვეტის მოდელირება იდეალური დენისა და ძაბვის წყაროებით 
xazis gawyvetis modelireba SeiZleba rogorc denis, ise Zabvis wyaroTi. im 
StoSi, sadac SemdgomSi ganixileba gawyveta unda CavrToT idealuri denis 
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wyaro (denis wyaroTi modelirebisas), romelsac eqneba sawyisi denis toli 
da sawinaaRmdegod mimarTuli deni. Zabvis wyaroTi modelirebisas Zabvis 
wyaros sidide unda udrides saZiebel Zabvas da mimarTuli unda iyos 
sawinaaRmdegod. 
denis wyaroTi modelirebisas cnobilia misi sidide (igi udris 
avariamdeli denis mniSvnelobas) da ucnobia avariuli reJimis Sesabamisi 
sqemis pasiuri parametrebis mniSvneloba. Zabvis wyaroebiT modelirebis 
SemTxvevaSi ki piriqiT, ucvlelia sqemis parametrebi (Zabvis wyaroebis 
nulovani winaRobis gamo) da saZiebelia Zabvis mniSvnelobebi. 
amgvarad, fizikur modelebSi idealuri denis wyaros Secvla idealuri 
Zabvis wyaroTi, an piriqiT, iwvevs Sesabamisi gantolebebis koeficientTa 
matricis Sebrunebas. meore modelis gamoyenebis dros dazianebis adgilisa 
da raodenobis mixedviT ar icvleba Sesabamisi gantolebebis koeficientebi, 
anu sqemis pasiuri parametrebi. rac warmoadgens am modelis upiratesobas 
pirvelTan SedarebiT. meore modeli aris safuZveli disertaciaSi 
warmodgenili avariuli reJimebis gaangariSebis meTodis.  
 
თავი IV 
ენერგოსისტემის ნორმალური რეჟიმის პარამეტრების გაანგარიშების 
ალგორითმები 
4.1 ნორმალური რეჟიმის პარამეტრების გაანგარიშება განივი განზოგადებული 
პარამეტრების საშუალებით 
rodesac mocemulia mxolod kvanZuri denebi da bazisuri Zabva ar 
udris nuls, viyenebT kvanZuri Zabvebis gantolebas: 
?̇?𝑌კვ�?̇?𝑈კვ − 𝑈𝑈ბ� = 𝐼𝐼კ̇ვ (13) 
am SemTxvevaSi bazisuri Zabva ar udris nuls da kvanZuri deni 
warmodgenilia kvanZuri simZlavris saSualebiT 
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?̇?𝑌კვ?̇?𝑈კვ = �𝑆𝑆𝑖𝑖∗𝑈𝑈𝑖𝑖∗� + ?̇?𝑌კვ𝑈𝑈ბ  (14) 
sadac ?̇?𝑌კვ _ aris kvanZebis sakuTari da urTierTgamtarobis matrica. 
?̇?𝑈კვ, 𝑈𝑈ბ _ kvanZuri Zabvebisa da bazisuri Zabvebis veqtor_matricebi. �𝑆𝑆𝑖𝑖∗𝑈𝑈𝑖𝑖∗� _ 
kvanZuri denebis veqtor_matricaa. (14) gantolebis orive mxare gavamravloT 
?̇?𝑌კვ matricis  Sebrunebul matricaze _ ?̇?𝑍კვ gveqneba: 
?̇?𝑍კვ ?̇?𝑌კვ?̇?𝑈კვ = ?̇?𝑍კვ  �𝑆𝑆𝑖𝑖∗𝑈𝑈𝑖𝑖∗� + ?̇?𝑍კვ ?̇?𝑌კვ𝑈𝑈ბ (15) 
radgan: ?̇?𝑍კვ ?̇?𝑌კვ = ?̇?𝑌კვ−1?̇?𝑌კვ = 𝐸𝐸  -  erTeulovan matricas, amitom (15) 
gantoleba miiRebs saxes: 
?̇?𝑈კვ = ?̇?𝑍კვ  �𝑆𝑆𝑖𝑖∗𝑈𝑈𝑖𝑖∗� + ?̇?𝑍კვ ?̇?𝑌კვ𝑈𝑈ბ       anu           ?̇?𝑈კვ = ?̇?𝑍კვ  �𝑆𝑆𝑖𝑖∗𝑈𝑈𝑖𝑖∗� + 𝑈𝑈ბ 
bolo gamosaxuleba gadavweroT: 
⎣
⎢
⎢
⎡?̇?𝑈1
?̇?𝑈2…
?̇?𝑈𝑛𝑛⎦
⎥
⎥
⎤ = �?̇?𝑍11 … ?̇?𝑍1𝑛𝑛… … … 
?̇?𝑍𝑛𝑛1 … ?̇?𝑍𝑛𝑛𝑛𝑛 � ∙ �
𝑆𝑆1∗
𝑈𝑈1∗…
𝑆𝑆𝑛𝑛∗
𝑈𝑈𝑛𝑛
∗
� + �𝑈𝑈ბ…
𝑈𝑈ბ
� (16) 
(16) gantoleba, rogorc arawrfivi matriculi gantoleba, ixsneba 
romelime iteraciuli meTodiT. Cvens SemTxvevaSi _ martivi iteraciis 
meTodiT. nulovan miaxloebad miviCnieT kvanZebSi nominaluri Zabvebis 
mniSvneloba.  i_uri miaxloeba iqneba: 
�
?̇?𝑈1(𝑖𝑖) = 𝑓𝑓�?̇?𝑈1(𝑖𝑖−1), ?̇?𝑈2(𝑖𝑖−1)  … ?̇?𝑈𝑛𝑛(𝑖𝑖−1)�… … … … … … … … … … … … …
?̇?𝑈𝑛𝑛
(𝑖𝑖) = 𝑓𝑓�?̇?𝑈1(𝑖𝑖−1), ?̇?𝑈2(𝑖𝑖−1)  … ?̇?𝑈𝑛𝑛(𝑖𝑖−1)�   (17) 
iteraciuli procesi wydeba maSin, rodesac sxvaoba or momdevno 
miaxloebas Soris iqneba naklebi winaswar aRebul mcire ricxvze ε , romelic 
Tavis mxriv ganisazRvreba sasurveli sizustis mixedviT. 
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amgvarad, Tu: 
�?̇?𝑈1(𝑖𝑖) − ?̇?𝑈1(𝑖𝑖−1)� < 𝜀𝜀
�?̇?𝑈2(𝑖𝑖) − ?̇?𝑈2(𝑖𝑖−1)� < 𝜀𝜀… … … … … … … …
�?̇?𝑈𝑛𝑛
(𝑖𝑖) − ?̇?𝑈𝑛𝑛(𝑖𝑖−1)� < 𝜀𝜀 _ iteraciuli procesi wydeba da miRebuli 
bolo miaxloeba iqneba amonaxsni, anu kvanZuri Zabvebis mniSvneloba. 
kompiuterze praqtikuli realizaciisaTvis saWiroa aRniSnul 
algoriTmSi garkveuli cvlilebebisa da damatebebis Setana. pirvel rigSi es 
exeba generatorul salteebze Zabvis regulirebis problemas da 
datvirTvebis statiuri maxasiaTeblebis gaTvaliswinebas. efeqturi 
programebis Sesaqmnelad saWiroa aseve gantolebaTa sistemis amoxsnis 
Sesaferisi meTodis SerCeva. 
zeidelis meTodTan SedarebiT ukeTesi Sedegi miviReT martivi 
iteraciis meTodis gamoyenebisas, vinaidan am dros saSualeba mogveca yoveli 
Semdgomi iteraciuli biji dagvekavSirebina gardamavali procesis Sesabamis 
eleqtrul reJimTan, rasac warmateba ar hqonda zeidelis meTodis 
gamoyenebis SemTxvevaSi. amgvari maTematikuri modelis gamoyeneba marTebuli 
gamodga ?̇?𝑍კვ matricis gamoyenebis dros.  
generatorul salteebze Zabvis regulirebis miznebisaTvis iteraciis 
yovel bijze mowmdeba piroba: 
𝑈𝑈𝑖𝑖 < 1,03 ∙ 𝑈𝑈𝑖𝑖მოც ან 𝑈𝑈𝑖𝑖 > 0,97 ∙ 𝑈𝑈𝑖𝑖მოც  (18)   
 sadac _ 𝑈𝑈𝑖𝑖
მოც
 aris sasurveli Zabva i_uri generatoris salteze, romelic 
ganisazRvreba sawyisi monacemebiT. 
(14) gadavweroT Semdegnairad: 
𝑈𝑈𝑖𝑖
∗ ∙ ?̇?𝑌კვ�?̇?𝑈კვ − 𝑈𝑈ბ� = 𝑈𝑈𝑖𝑖∗𝑈𝑈𝑖𝑖∗−1[𝑆𝑆𝑖𝑖∗]  (19) 
sadac [𝑈𝑈𝑖𝑖∗] - n  rigis diagonaluri matricaa. 
(18) pirobis Sesrulebis SemTxvevaSi ganisazRvreba reaqtiuli simZlavre 
tolobidan: 
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𝑈𝑈𝑖𝑖
∗ ∙ ?̇?𝑌კვ�?̇?𝑈კვ − 𝑈𝑈ბ� = [𝑃𝑃𝑖𝑖 − 𝑗𝑗𝑄𝑄𝑖𝑖]  (20) 
Tu 𝑄𝑄𝑖𝑖 > 𝑄𝑄𝑚𝑚𝑚𝑚𝑚𝑚 , maSin (16) gamosaxulebaSi 𝑄𝑄𝑖𝑖 = 𝑄𝑄𝑚𝑚𝑚𝑚𝑚𝑚 , Tu 𝑄𝑄𝑖𝑖 < 𝑄𝑄𝑚𝑚𝑖𝑖𝑛𝑛  maSin (16) 
gamosaxulebaSi 𝑄𝑄𝑖𝑖 = 𝑄𝑄𝑚𝑚𝑖𝑖𝑛𝑛 . iteraciuli procesi grZeldeba reaqtiuli 
simZlavris koreqtirebis pirobebSi. kvanZuri Zabvebis gansazRvris Semdeg 
denebisa da Semdgom simZlavreebis ganawileba qselSi sirTules aRar 
warmoadgens. 
4.2 რეჟიმის პარამეტრების განსაზღვრა გრძივი განზოგადებული პარამეტრების 
საშუალებით. (1) gantolebebidan miviReT gamosaxuleba, romelic iZleva 
saSualebas gaviangariSoT reJimis parametrebi, rodesac mocemulia StoebSi 
CarTuli e.m.Zalebi. denebis povna StoebSi moxdeba (21) gantolebiT: 
�𝑌𝑌დ  − �𝑌𝑌დ𝑀𝑀𝑇𝑇��𝑀𝑀 𝑌𝑌დ  𝑀𝑀𝑇𝑇�−1�𝑀𝑀 𝑌𝑌დ �� 𝐸𝐸შტ = 𝐼𝐼შტ  (21) 
Tu mocemulia StoebSi Casmuli e.m.Z. da kvanZuri denebi, gaangariSebebs 
vawarmoebT Semdegi gamosaxulebis mixedviT: 
�𝑌𝑌დ  − �𝑌𝑌დ𝑀𝑀𝑇𝑇��𝑀𝑀 𝑌𝑌დ  𝑀𝑀𝑇𝑇�−1�𝑀𝑀 𝑌𝑌დ �� 𝐸𝐸შტ = 𝐼𝐼შტ − �𝑌𝑌დ𝑀𝑀𝑇𝑇��𝑀𝑀 𝑌𝑌დ𝑀𝑀𝑇𝑇�−1𝐼𝐼კვ  (22) 
amgvarad, normaluri reJimis aqtiur parametrebs, anu avariuli reJimis 
gasaangariSeblad sawyis sidideebs ganvsazRvravT (14), (21), an (22) 
gantolebebidan. denebis avariuli mdgenelebis ganmsazRvreli modelis 
maTematikuri asaxva iqneba matriculi gantoleba (21), anu xazebis gawyvetis 
Sedegad damyarebuli reJimis asaRwerad virCevT (21) gantolebas, sadac 
saZiebeli avariuli parametrebi aisaxeba 𝑈𝑈შტ veqtoris saxiT, xolo sawyisi 
monacemebi, anu avariamdeli denebis mniSvneloba im xazebSi, sadac adgili 
aqvs dazianebas iqneba veqtor–matrica 𝐼𝐼შტ. aRniSnuli veqtoris is elementebi, 
romelTa indeqsebi Seesabameba dazianebuli Stoebis nomrebs iqneba 
avariamdeli denebis toli, xolo danarCeni elementebi – denis avariuli 
mdgenelebi StoebSi. 𝐸𝐸შტ  matricis yvela elementi, garda im elementebisa, 
romlebic Seesabamebian Zabvebs gawyvetis adgilas, iqneba nulis toli. 
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(21) gantolebis mixedviT, Stoebis sakuTari da urTierTgamtarobis 
matrica  𝑌𝑌შტ. aisaxeba formuliT: 
𝑌𝑌დ  − �𝑌𝑌დ𝑀𝑀𝑇𝑇��𝑀𝑀 𝑌𝑌დ  𝑀𝑀𝑇𝑇�−1�𝑀𝑀 𝑌𝑌დ � = 𝑌𝑌შტ  (23) 
                  
თავი V 
გრძივი ასიმეტრიის დროს მიღებული რეჟიმების ანალიზი განსაკუთრებული 
ფაზის სიმეტრიული მდგენელების საშუალებით 
5.1 სიმეტრიულ მდგენელთა მეთოდის გამოყენება არასიმეტრიული რეჟიმების 
ანგარიშის დროს. 
grZivi asimetriis dros arsebuli eleqtruli reJimebis analizi 
SesaZlebelia simetriuli mdgenelebis meTodis gamoyenebiT, romlis arsic 
mdgomareobs arasimetriuli reJimis daSlaSi sam simetriul reJimad, anu 
reJimebad, romlebic myardeba pirdapiri, uku da nulovani mimdevrobis 
sqemebSi da sadac samarTliania simetriuli qselebisaTvis dadgenili 
kanonebi. rogorc ukve aRvniSneT, aqtiuri parametrebis 
urTierTdamokidebulebebis asaRwerad  qselis pasiuri ganivi parametrebis 
nacvlad, viyenebT grZiv ganzogadebul parametrebs da maTi saSualebiT 
aRvwerT ZiriTad gantolebebs TviToeuli mimdevrobis sqemisaTvis. 
amgvarad (21) gantoleba unda SevadginoT TviToeuli mimdevrobis 
sqemisTvis, amisaTvis (23)-is mixedviT unda gaviangariSoT Stoebis sakuTari 
da urTierTgamtarobebis matricebi pirdapiri, uku da nulovani mimdevrobis 
sqemebisaTvis: 𝑌𝑌′ , 𝑌𝑌′′ ,𝑌𝑌0. 
Sesabamisad avariuli reJimebis aRmweri ZiriTadi gantolebebi iReben 
saxes: 
 
𝐼𝐼′ = 𝐼𝐼𝑁𝑁 − 𝑌𝑌′𝑈𝑈′
𝐼𝐼′′ = −𝑌𝑌′′ 𝑈𝑈′′
𝐼𝐼0 = −𝑌𝑌0𝑈𝑈0 �  (24) 
21 
 
𝑈𝑈′ ,𝑈𝑈′′ ,𝑈𝑈0, 𝐼𝐼′ , 𝐼𝐼′′ , 𝐼𝐼0 −  Zabvebi da denebia pirdapiri, uku da nulovani 
mimdevrobebis sqemebSi; 𝐼𝐼𝑁𝑁 −  deni dazianebis adgilas sawyis reJimSi. 
 
5.2 ავარიული რეჟიმის პარამეტრების ანგარიში განსაკუთრებული ფაზის 
სიმეტრიული მდგენელების საშუალებით 
warmovadginoT arasrulfaza reJimis parametrebis angariSis meTodi, 
romelic gulisxmobs avariuli parametrebis gansazRvras gansakuTrebuli 
fazis (ori fazis gawyvetis SemTxvevaSi igulisxmeba is faza, romelic ar 
aris gawyvetili) denis simetriuli mdgenelebis saSualebiT. 
ZiriTadi gantolebebi gamovsaxoT qselis grZivi ganzogadebuli 
parametrebiT - Stoebis sakuTari da urTierTgamtarobebiT. 
rogorc cnobilia TiToeuli mimdevrobis sqemisaTvis gvaqvs: 
 
𝐼𝐼𝐴𝐴
0 = 1/3(𝐼𝐼𝐴𝐴 + 𝐼𝐼𝐵𝐵 + 𝐼𝐼𝐶𝐶)
𝐼𝐼𝐴𝐴
′ = 1/3(𝐼𝐼𝐴𝐴 + 𝑚𝑚𝐼𝐼𝐵𝐵 + 𝑚𝑚2𝐼𝐼𝐶𝐶)
𝐼𝐼𝐴𝐴
′′ = 1/3(𝐼𝐼𝐴𝐴 + 𝑚𝑚2𝐼𝐼𝐵𝐵 + 𝑚𝑚𝐼𝐼𝐶𝐶)�  (25)  da   
𝑈𝑈𝐴𝐴
0 = 1/3(𝑈𝑈𝐴𝐴 + 𝑈𝑈𝐵𝐵 + 𝑈𝑈𝐶𝐶)
𝑈𝑈𝐴𝐴
′ = 1/3(𝑈𝑈𝐴𝐴 + 𝑚𝑚𝑈𝑈𝐵𝐵 + 𝑚𝑚2𝑈𝑈𝐶𝐶)
𝑈𝑈𝐴𝐴
′′ = 1/3(𝑈𝑈𝐴𝐴 + 𝑚𝑚2𝑈𝑈𝐵𝐵 + 𝑚𝑚𝑈𝑈𝐶𝐶)�  (26) 
vinaidan konkretul dazianebas axasiaTebs garkveuli sasazRvro piroba 
da kerZod, erTi fazis gawyvetis SemTxvevaSi gvaqvs toloba: 
 
𝐼𝐼𝐴𝐴 = 0
𝑈𝑈𝐵𝐵 = 0
𝑈𝑈𝐶𝐶 = 0�  (27) 
(26) da (27) gamosaxulebebis mixedviT gveqneba: 
𝑈𝑈𝐴𝐴
′ = 𝑈𝑈𝐴𝐴′′ = 𝑈𝑈𝐴𝐴0 = 13 𝑈𝑈𝐴𝐴  (28) 
da radganac 𝐼𝐼𝐴𝐴 = 0, 
𝐼𝐼𝐴𝐴
′ + 𝐼𝐼𝐴𝐴′′ + 𝐼𝐼𝐴𝐴0 = 0  (29) 
(24) gantolebebis ajamva (28) da (29) pirobebis gaTvaliswinebiT 
gvaZlevs: 𝑈𝑈𝐴𝐴
′ = 𝐼𝐼𝑁𝑁/(𝑌𝑌′ + 𝑌𝑌′′ + 𝑌𝑌0)  (30) 
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xolo fazuri Zabva dazianebis adgilas iqneba 𝑈𝑈𝐴𝐴 = 3𝑈𝑈𝐴𝐴′ . 
ori fazis (BBda C fazebis) gawyvetis SemTxvevaSi gvaqvs dualuri 
amocana, anu Semdegi sasazRvro pirobebi: 
 
𝐼𝐼𝐵𝐵 = 0
𝐼𝐼𝐶𝐶 = 0
𝑈𝑈𝐴𝐴 = 0�  (31) 
zemoTTqmulis analogiurad miviRebT Semdeg tolobebs: 
𝐼𝐼𝐴𝐴
′ = 𝐼𝐼𝐴𝐴′′ = 𝐼𝐼𝐴𝐴0 = 13∙𝐼𝐼𝐴𝐴  (32)   da 𝑈𝑈𝐴𝐴 = 𝑈𝑈𝐴𝐴′ + 𝑈𝑈𝐴𝐴′′ + 𝑈𝑈𝐴𝐴0  (33) 
imisaTvis, rom ganvsazRvroT Zabvebi dazianebul B da C fazebSi, 
saWiroa jer ganvsazRvroT A fazis pirdapiri, uku da nulovani mimdevrobis 
Zabvebi da Semdeg sasazRvro pirobebis gamoyenebiT ganvsazRvroT saZiebeli 
Zabvebi. 
miviRebT: 
?̇?𝑈𝐴𝐴
′ = − 𝑗𝑗0.2492
−𝑗𝑗0.2051 = 1.215 
𝑈𝑈𝐵𝐵
𝐹𝐹 = 𝑚𝑚2𝑈𝑈𝐴𝐴′ + 𝑚𝑚𝑈𝑈𝐴𝐴′′ + 𝑈𝑈𝐴𝐴0 = 𝑈𝑈𝐴𝐴′ (𝑚𝑚2 − (𝑚𝑚𝑌𝑌0 + 𝑌𝑌′′ )/(𝑌𝑌′′ + 𝑌𝑌0))  (34) 
𝑈𝑈𝐶𝐶
𝐹𝐹 = 𝑚𝑚𝑈𝑈𝐴𝐴′ + 𝑚𝑚2𝑈𝑈𝐴𝐴′′ + 𝑈𝑈𝐴𝐴0 = 𝑈𝑈𝐴𝐴′ (𝑚𝑚 − (𝑚𝑚2𝑌𝑌0 + 𝑌𝑌′′ )/(𝑌𝑌′′ + 𝑌𝑌0))  (35) 
ganvixiloT ricxviTi magaliTi, romelic warmodgenilia  nax.2-ze. 
gawyveta gvaqvs xazis, anu me-4 Stos, B da C fazebSi. veZebT Zabvebs gawyvetis 
adgilas. 
Н-1
10,5 kv
115 kv
Л-1
6,3 kv
H-2
T-1 T-2
 
a – sawyisi sqema, 
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(1)
(2)
(3) (4) (5) (6)
j0,9                         j 0,21                        j0,19                      j 0,21                         j3,6
  (j0,45)                     (j0,21)                     (j0,19)                    (j0,21)                     (j1,05)
j2,4
(j0,7)
1 2 3 4
1,67 1,0514
-j0.249
- j
0.
43
8
-j.687
0,999
 
b – Canacvlebissqema 
nax.2 
nax.2-ze warmodgenil qselSi arsebuli transformatorebis gragnilTa 
SeerTeba gamoricxavs nulovani denebis arsebobas arasrulfazovani 
reJimebis dros. pirdapiri da uku mimdevrobis sqemebis parametrebi fardobiT 
erTeulebSi warmodgenilia nax.2 b-ze. uku mimdevrobis sqemis parametrebi 
mocemulia frCxilebSi. ganvsazRvroT grZivi ganzogadebuli parametrebi 
nax.2-ze warmodgenili sqemisaTvis incidenciis I  matricas eqneba saxe: 
𝑀𝑀 = �−1000
1000
1
−100
01
−10
001
−1
0001�; 
110 kv-ian qselSi induqtiuri winaRoba bevrad metia aqtiurze, amitom 
ganxilul magaliTSi Stoebis aqtiuri winaRobebi ugulvebelyofilia. e.i. i–
uri Stos winaRoba iqneba: 𝑍𝑍𝑖𝑖 = 0 + 𝐽𝐽𝑋𝑋𝑖𝑖 . 
Stos gamtaroba, z-is Sebrunebuli sidide, iqneba: 
𝑌𝑌𝑖𝑖 = 10+𝑗𝑗𝑋𝑋𝑖𝑖 = 0−𝑗𝑗𝑋𝑋𝑖𝑖𝑋𝑋𝑖𝑖2 = − 𝑗𝑗1𝑋𝑋𝑖𝑖 = −𝑗𝑗𝑌𝑌𝑖𝑖 da Sesabamisad, gamtarobebis diagonaluri 
matrica pirdapiri mimdevrobis sqemisaTvis iqneba: 
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𝑌𝑌დ = 𝑍𝑍დ−1 = −𝑗𝑗
⎣
⎢
⎢
⎢
⎢
⎡
 1.111100000
00.41670000
004.7619000
0005.263200
00004.76190
000000.277⎦⎥⎥
⎥
⎥
⎤
 
pirdapiri mimdevrobis sqemis Stoebis sakuTari da urTierTgamtarobis 
matrica iqneba: 
𝑌𝑌შტ
′ = 𝑌𝑌დ − 𝑌𝑌დ𝑀𝑀′�𝑀𝑀𝑌𝑌დ𝑀𝑀′�−1𝑀𝑀𝑌𝑌დ = −𝑗𝑗
⎣
⎢
⎢
⎢
⎢
⎡
0.41150.26230.1492 0.1492 0.1492 0.1492 
0.26230.3183
−0.0559
−0.0559
−0.0559
−0.0559
0.1492
−0.05590.20510.20510.20510.2051
0.1492
−0.05590.20510.20510.20510.2051
0.1492
−0.05590.20510.20510.20510.2051
0.1492
−0.05590.20510.20510.20510.2051 ⎦⎥⎥
⎥
⎥
⎤
 
analogiurad, uku mimdevrobis sqemis parametrebis mixedviT, vRebulobT 
Stoebis sakuTari da urTierTgamtarobis matricas 𝑌𝑌შტ
′′ . 
𝑌𝑌შტ
′′ = 𝑌𝑌დ − 𝑌𝑌დ𝑀𝑀′�𝑀𝑀𝑌𝑌დ𝑀𝑀′�−1𝑀𝑀𝑌𝑌დ=−𝑗𝑗
⎣
⎢
⎢
⎢
⎢
⎡
1.0612     0.74640.31470.31470.31470.3147
0.7464 0.9487
−0.2023
−0.2023
−0.2023
−0.2023
0.3147
−0.20230.51710.51710.51710.5171
0.3147
−0.20230.51710.51710.51710.5171
0.3147
−0.20230.51710.51710.51710.5171
0.3147
−0.20230.51710.51710.51710.5171 ⎦⎥⎥
⎥
⎥
⎤
, 
ganvsazRvroT avariamdeli reJimis parametrebis mniSvnelobebi. 
𝑌𝑌შტ
′  matricisa da pirvel StoSi CarTuli e.m.Z-is E𝐸𝐸1 = 1.67 saSualebiT 
vpoulobT avariamdeli denebis mniSvnelobebs StoebSi: 
𝐼𝐼შ̇ტ = 𝑌𝑌′ შტ𝐸𝐸1 = −𝑗𝑗
⎣
⎢
⎢
⎢
⎢
⎡
0.41150.26230.1492 0.1492 0.1492 0.1492 
0.26230.3183
−0.0559
−0.0559
−0.0559
−0.0559
0.1492
−0.05590.20510.20510.20510.2051
0.1492
−0.05590.20510.20510.20510.2051
0.1492
−0.05590.20510.20510.20510.2051
0.1492
−0.05590.20510.20510.20510.2051 ⎦⎥⎥
⎥
⎥
⎤
⎣
⎢
⎢
⎢
⎢
⎡
1.6700000 ⎦⎥⎥
⎥
⎥
⎤ = −𝑗𝑗
⎣
⎢
⎢
⎢
⎢
⎡
0.68730.43810.24920.24920.24920.2492⎦⎥⎥
⎥
⎥
⎤
 
denebis avariul mdgenelebs vsazRvravT  pirdapiri da uku mimdevrobis 
sqemebidan. dazianebis adgilas, me-4 StoSi, CavsvaT pirdapiri da uku 
mimdevrobis Zabvebi (𝑈𝑈4′ , 𝑈𝑈4′′ ), romlebic erTmaneTis tolia. imis 
gaTvaliswinebiT, rom mocemul qselSi nulovani mimdevrobis denebi nulis 
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tolia, radganac nax.2-ze warmodgenil qselSi arsebuli transformatorebis 
gragnilTa SeerTeba gamoricxavs nulovani denebis arsebobas, 
arasrulfazovani reJimebis miRebis SemTxvevaSi gveqneba 𝑌𝑌440 = 0 da 
𝑈𝑈4′ = 𝑈𝑈4′′ = 𝐼𝐼4𝑁𝑁𝑌𝑌44′ + 𝑌𝑌44′′ = − 𝑗𝑗0.2492−𝑗𝑗 0.2051 − 𝑗𝑗0.5171 = 0.3455 
Zabvis avariul mdgenels qmnis sawinaaRmdegod mimarTuli e.m.Z.-is mqone 
Zabvis wyaro. e.i. pirdapiri da uku mimdevrobis denebis Semqmneli Zabvis 
wyaros sidide iqneba: 𝑈𝑈4′ = 𝑈𝑈4′′ = −0.3455 
amgvarad, pirdapiri da uku mimdevrobis sqemebis StoebSi CarTuli 
Zabvebis veqtor–matricebs eqnebaT saxe: 
𝑈𝑈′ =
⎣
⎢
⎢
⎢
⎢
⎡
000
−0.345800 ⎦⎥⎥
⎥
⎥
⎤
,         𝑈𝑈′′ =
⎣
⎢
⎢
⎢
⎢
⎡
000
−0.345800 ⎦⎥⎥
⎥
⎥
⎤
. 
pirdapiri mimdevrobis sqemis parametrebis mixedviT, vpoulobT 
pirdapiri mimdevrobis denebs 
𝐼𝐼′̇𝑣𝑣𝑣𝑣𝑣𝑣 = −𝑗𝑗
⎣
⎢
⎢
⎢
⎢
⎡
0.41150.26230.1492 0.1492 0.1492 0.1492 
0.26230.3183
−0.0559
−0.0559
−0.0559
−0.0559
0.1492
−0.05590.20510.20510.20510.2051
0.1492
−0.05590.20510.20510.20510.2051
0.1492
−0.05590.20510.20510.20510.2051
0.1492
−0.05590.20510.20510.20510.2051 ⎦⎥⎥
⎥
⎥
⎤
⎣
⎢
⎢
⎢
⎢
⎡
000
−0.345800 ⎦⎥⎥
⎥
⎥
⎤ = 𝑗𝑗
⎣
⎢
⎢
⎢
⎢
⎡
0.0516
−0.01930.07090.07090.07090.0709 ⎦⎥⎥
⎥
⎥
⎤
 
uku mimdevrobis sqemis parametrebis mixedviT, vpoulobT uku 
mimdevrobis denebs 
𝐼𝐼′′̇ 𝑣𝑣𝑣𝑣𝑣𝑣 = −𝑗𝑗
⎣
⎢
⎢
⎢
⎢
⎡
1.0612     0.74640.31470.31470.31470.3147
0.7464 0.9487
−0.2023
−0.2023
−0.2023
−0.2023
0.3147
−0.20230.51710.51710.51710.5171
0.3147
−0.20230.51710.51710.51710.5171
0.3147
−0.20230.51710.51710.51710.5171
0.3147
−0.20230.51710.51710.51710.5171 ⎦⎥⎥
⎥
⎥
⎤
⎣
⎢
⎢
⎢
⎢
⎡
000
−0.345800 ⎦⎥⎥
⎥
⎥
⎤ = 𝑗𝑗
⎣
⎢
⎢
⎢
⎢
⎡
0.1088
−0.07000.17880.17880.17880.1788 ⎦⎥⎥
⎥
⎥
⎤
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radganac aRniSnul wredSi nulovani mimdevrobis denebi udris nuls, 
dazianebis adgilas, me-4 StoSi pirdapiri da nulovani mimdevrobis denebi 
unda iyvnen toli da sawinaaRmdegod mimarTuli, raTa dakmayofildes 
erTfaza gawyvetis dros arsebuli piroba (27). marTlac, 
𝐼𝐼4′ = 𝐼𝐼4𝑁𝑁 − 𝑈𝑈4′ 𝑌𝑌44′ = −𝑗𝑗0.2491— (−𝑗𝑗0.0709) = −𝑗𝑗0.178 
𝐼𝐼4′′ = −(−𝑗𝑗0.1788) = 𝑗𝑗0.178 
ganvsazRvroT A fazis denebi mocemuli sqemis yvela StoSi: 
𝐼𝐼𝐴𝐴 = 𝐼𝐼𝑁𝑁 − 𝐼𝐼𝑣𝑣𝑣𝑣𝑣𝑣′ − 𝐼𝐼𝑣𝑣𝑣𝑣𝑣𝑣′′ = 𝑗𝑗
⎣
⎢
⎢
⎢
⎢
⎡
0.68730.43810.24920.24920.24920.2492⎦⎥⎥
⎥
⎥
⎤ + 𝑗𝑗
⎣
⎢
⎢
⎢
⎢
⎡
0.0516
−0.01930.07090.07090.07090.0709 ⎦⎥⎥
⎥
⎥
⎤ + 𝑗𝑗
⎣
⎢
⎢
⎢
⎢
⎡
0.1088
−0.07000.17880.17880.17880.1788 ⎦⎥⎥
⎥
⎥
⎤ = 𝑗𝑗
⎣
⎢
⎢
⎢
⎢
⎡
−0.527
−0.5270000 ⎦⎥⎥
⎥
⎥
⎤
 
dazianebis adgilas Zabva iqneba:    𝑈𝑈4𝐴𝐴 = 3𝑈𝑈4′ = 3 ∗ 0.3455 = 1.0365, 
ori fazis gawyvetis SemTxvevaSi avariuli Zabvebis gasaangariSebeli 
formulebi (34), (35) nulovani denebis ararsebobis pirobebSi, iReben saxes: 
?̇?𝑈′ = 𝐼𝐼𝑁𝑁
𝑌𝑌′
,    ?̇?𝑈𝐵𝐵𝐹𝐹 = ?̇?𝑈𝐴𝐴′ (𝑚𝑚2 − 1),    ?̇?𝑈𝐶𝐶𝐹𝐹 = ?̇?𝑈𝐴𝐴′ (𝑚𝑚 − 1),  (36) 
amgvarad, Cveni magaliTis SemTxvevaSi angariSs vawarmoebT mxolod 
pirdapiri mimdevrobis sqemis parametrebis mixedviT. radganac deni induqtiur 
wredebSi CamorCeba Zabvas 900 −iT, misi mniSvneloba iqneba: 𝐼𝐼4̇ = −𝑗𝑗0.2497. xolo 
me-4 Stos sakuTari gamtaroba - 𝑌𝑌44′ = 0 − 𝑗𝑗0.2051. (36) formulebis gamoyenebiT 
vRebulobT Zabvebis mniSvnelobebs (fardobiT erTeulebSi) dazianebis 
adgilas:                           ?̇?𝑈𝐴𝐴′ = − 𝑗𝑗0.2492−𝑗𝑗0.2051 = 1.215 
?̇?𝑈𝐵𝐵
𝐹𝐹 = 1.215(−1.5 − 𝑗𝑗0.866) = −1.822 − 𝑗𝑗1.0522  (37) 
?̇?𝑈𝐶𝐶
𝐹𝐹 = 1.215(−1.5 + 𝑗𝑗0.866) = −1.822 + 𝑗𝑗1.0522  (38) 
  
27 
 
თავი VI 
6.1. გრძივი ასიმეტრიული რეჟიმების გაანგარიშება დაზიანებული ფაზის 
პარამეტრების მიხედვით 
ganvixiloT fazebis gawyvetis dros eleqtruli reJimis gaangariSeba 
ara gansakuTrebuli, aramed dazianebuli fazebis Sesabamisi aqtiuri 
parametrebis simetriuli Semdgenebis saSualebiT. (igulisxmeba, rom erTi 
Stos ori fazis gawyveta aris ori erTdrouli erTfaza gawyvetis reJimebis 
superpozicia). 
erTfaza dazianebebis (fazebis gawyvetis), sasazRvro pirobebi 
mosaxerxebelia unificirebuli gantolebebis misaRebad. amitom warmodgenili 
meTodikis Tanaxmad, yvela saxis dazianebas ganvixilavT rogorc erTfaza 
avariuli reJimebis zeddebas (damatebiTi SemzRudavi pirobebis 
gaTvaliswinebiT), mag. ori fazis gawyvetas - rogorc or erTfaza gawyvetas, 
sami fazis - rogorc sam erTfaza gawyvetas. amgvarad, aseTi midgoma 
saSualebas iZleva wrfivi gantolebebiT aRiweros avariuli 
reJimiLerTdrouli simetriuli da arasimetriuli dazianebis dros da grZivi 
avariebis analizis saSualebebi SeuzRudavi gaxados. erTi fazis gawyvetis 
SemTxvevaSi viyenebT avariuli reJimebis aRmwer ZiriTad gantolebebს (24) da 
aRniSnuli dazianebis sasazRvro pirobebს (27). 
erTjeradi dazianebis SemTxvevaSi, dazianebis adgilas pirdapiri, uku 
da nulovani mimdevrobis denebisa da Zabvebis mniSvneloba TiToeuli 
mimdevrobis sqemis mixedviT aris: 
𝑈𝑈𝐴𝐴
′̇ = 𝑈𝑈𝐴𝐴′′̇ = 𝑈𝑈𝐴𝐴0̇ = 13 𝑈𝑈?̇?𝐴  (39) 
da radganac  𝐼𝐼?̇?𝐴 = 0,    𝐼𝐼𝐴𝐴′̇ + 𝐼𝐼𝐴𝐴′′̇ + 𝐼𝐼𝐴𝐴0̇ = 0  (40) 
(24) gantolebebis ajamva (39) da (40) pirobebis gaTvaliswinebiT 
gvaZlevs:  𝑈𝑈𝐴𝐴′̇ = 𝐼𝐼̇𝑁𝑁𝑌𝑌′ +𝑌𝑌′′ +𝑌𝑌0  (41). 
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xolo fazuri Zabva dazianebis adgilas iqneba 𝑈𝑈?̇?𝐴 = 3𝑈𝑈𝐴𝐴′̇ . 
raki pirdapiri mimdevrobis denebi cirkulireben mxolod pirdapiri 
mimdevrobis sqemaSi, uku mimdevrobis denebi – uku mimdevrobis sqemaSi da 
nulovani mimdevrobis, Sesabamisad – nulovani mimdevrobis qselSi da am 
qselebSi damyarebuli eleqtruli reJimebi simetriulia, gantolebebs vwerT 
mxolod erTi fazisaTvis. Tu sxvadasxva adgilas momxdari dazianeba 
erTsaxela fazebSia, e.i Zabvis wyaroebi Casmulia erTsaxela fazebSi, maTi 
urTierTdamokidebulebis gantolebebi daiwereba iseve, rogorc simetriuli 
reJimebis dros. 
Tu dazianeba sxvadasxva fazebSia momxdari, maSin yvela dazianebis 
adgilis aqtiuri parametric unda gamovsaxoT im fazis mixedviT, romel 
fazaSic aris dazianeba. mag. Tu dazianebas aqvs adgili 𝑖𝑖 − uri Stos 𝐵𝐵  
fazaSi da gantoleba iwereba am StosaTvis, yvela sxva dazianebis amsaxveli 
Zabvebi gamoisaxeba Sesabamisi Stos 𝐵𝐵 fazis Zabvisa da veqtorTa Zvris 
operatoris 𝑚𝑚𝑗𝑗120 −is saSualebiT. 
pirdapiri da uku mimdevribis qselebi qmnian simetriul samfaza 
qselebs, sadac adgili aqvs samive fazis gawyvetas, nulovani mimdevrobis 
qselSi ki gvaqvs erTfaza denebi, romlebic gadian fazebSi da brundebian 
miwiT. ganvixiloT SemTxveva, rodesac 𝑖𝑖 − ur StoSi gawyvetilia faza 𝐵𝐵, 
xolo 𝑗𝑗 −Si -  faza 𝐶𝐶. gantolebaTa sistema SevadginoT  avariuli reJimis 
aRmweri ZiriTadi gantolebebis (24) mixedviT.  
𝑖𝑖 − uri Stos gantoleba samive mimdevrobis qselSi iqneba: 
 
𝑌𝑌𝑖𝑖𝑖𝑖
′ 𝑈𝑈𝑖𝑖′̇ + 𝑌𝑌𝑖𝑖𝑗𝑗′ 𝑚𝑚𝑈𝑈𝑗𝑗′̇ = 𝐼𝐼𝑖𝑖?̇?𝐵 − 𝐼𝐼𝑖𝑖′̇ = 𝑚𝑚2𝐼𝐼𝑖𝑖?̇?𝐴 − 𝐼𝐼𝑖𝑖′̇
𝑌𝑌𝑖𝑖𝑖𝑖
′′ 𝑈𝑈′𝑖𝑖′̇ + 𝑌𝑌𝑖𝑖𝑗𝑗′′ 𝑚𝑚2𝑈𝑈𝑗𝑗′̇ = −𝐼𝐼𝑖𝑖′′̇
𝑌𝑌𝑖𝑖𝑖𝑖
0𝑈𝑈𝑖𝑖0̇ + 𝑌𝑌𝑖𝑖𝑗𝑗0𝑈𝑈𝑗𝑗0̇ = −𝐼𝐼𝑖𝑖′̇ �  (42) 
aseve 𝑗𝑗 − uri StosaTvis gveqneba: 
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 
𝑌𝑌𝑗𝑗𝑖𝑖
′ 𝑚𝑚2𝑈𝑈𝑖𝑖′̇ + 𝑦𝑦𝑗𝑗𝑗𝑗′ 𝑈𝑈𝑗𝑗′̇ = 𝐼𝐼𝑗𝑗?̇?𝐶 − 𝐼𝐼𝑗𝑗′̇ = 𝑚𝑚𝐼𝐼𝑗𝑗?̇?𝐴 − 𝐼𝐼𝑗𝑗′̇
𝑌𝑌𝑗𝑗𝑖𝑖
′′ 𝑚𝑚𝑈𝑈𝑖𝑖′′̇ + 𝑌𝑌𝑗𝑗𝑗𝑗′′ 𝑈𝑈𝑗𝑗′′̇ = −𝐼𝐼𝑗𝑗′′̇
𝑌𝑌𝑗𝑗𝑖𝑖
0𝑈𝑈𝑖𝑖0̇ + 𝑌𝑌𝑗𝑗𝑗𝑗0𝑈𝑈𝑗𝑗0̇ = −𝐼𝐼𝑗𝑗0̇ �  (43) 
SevkriboT (42) da (43) gantolebebi (39) da (40) pirobebis 
gaTvaliswinebiT, miviRebT: 
 (𝑌𝑌𝑖𝑖𝑖𝑖′ + 𝑌𝑌𝑖𝑖𝑖𝑖′′ + 𝑌𝑌𝑖𝑖𝑖𝑖0)𝑈𝑈𝑖𝑖′̇ + �𝑚𝑚𝑌𝑌𝑖𝑖𝑗𝑗′ + 𝑚𝑚2𝑌𝑌𝑖𝑖𝑗𝑗′′ + 𝑌𝑌𝑖𝑖𝑗𝑗0�𝑈𝑈𝑗𝑗′̇ = 𝑚𝑚2𝐼𝐼𝑖𝑖?̇?𝐴(𝑚𝑚2𝑌𝑌𝑗𝑗𝑖𝑖′ + 𝑚𝑚𝑌𝑌𝑗𝑗𝑖𝑖′′ + 𝑌𝑌𝑗𝑗𝑖𝑖0)𝑈𝑈𝑖𝑖′̇ + �𝑌𝑌𝑗𝑗𝑗𝑗′ + 𝑌𝑌𝑗𝑗𝑗𝑗′′ + 𝑌𝑌𝑗𝑗𝑗𝑗0�𝑈𝑈𝑗𝑗′̇ = 𝑚𝑚𝐼𝐼𝑗𝑗?̇?𝐴 �  (45) 
angariSebis unificirebis mizniT, yvela xazis ori da sami fazis 
gawyveta, warmovadgineT, rogorc fiqtiur xazebSi erTfaza gawyvetebis dros 
miRebuli eleqtruli reJimebis zeddeba damatebiTi pirobis gaTvaliswinebiT, 
rac gulisxmobs im fiqtiuri xazebis Serwymas. Serwymis SemTxvevaSi fiqtiuri 
xazebis sakuTari da urTierTgamtaroba erTmaneTis tolia da es piroba 
daculia samive mimdevrobis sqemaSi, rac asaxulia (46)-Si 
 (𝑌𝑌𝑖𝑖𝑖𝑖′ + 𝑌𝑌𝑖𝑖𝑖𝑖′′ + 𝑌𝑌𝑖𝑖𝑖𝑖0)𝑈𝑈𝑖𝑖𝐵𝐵′̇ + (𝑚𝑚𝑌𝑌𝑖𝑖𝑖𝑖′ + 𝑚𝑚2𝑌𝑌𝑖𝑖𝑖𝑖′′ + 𝑌𝑌𝑖𝑖𝑖𝑖0)𝑈𝑈𝑖𝑖𝐶𝐶′̇ = 𝑚𝑚2𝐼𝐼𝑖𝑖?̇?𝐴(𝑚𝑚2𝑌𝑌𝑖𝑖𝑖𝑖′ + 𝑚𝑚𝑌𝑌𝑖𝑖𝑖𝑖′′ + 𝑌𝑌𝑖𝑖𝑖𝑖0)𝑈𝑈𝑖𝑖𝐵𝐵′̇ + (𝑌𝑌𝑖𝑖𝑖𝑖′ + 𝑌𝑌𝑖𝑖𝑖𝑖′′ + 𝑌𝑌𝑖𝑖𝑖𝑖0)𝑈𝑈𝑖𝑖𝐶𝐶′̇ = 𝑚𝑚𝐼𝐼𝑖𝑖?̇?𝐴 � (46) 
miRebuli gantolebebis amonaxsnis gasammagebuli mniSvneloba 
warmoadgens i-ur StoSi Zabvebs B da C fazebSi gawyvetis adgilas. 
nax.2-ze warmodgenili sqemisaTvis ganvixiloT me-4 xazis B  da C  
fazebis gawyvetis Sedegad miRebuli avariuli reJimis Sesabamisi  
gantolebebi: 
 (𝑌𝑌44′ + 𝑌𝑌44′′ +)𝑈𝑈4𝐵𝐵′̇ + (𝑚𝑚𝑌𝑌44′ + 𝑚𝑚2𝑌𝑌44′′ )𝑈𝑈4𝑐𝑐′̇ = 𝑚𝑚2𝐼𝐼𝑖𝑖?̇?𝐴(𝑚𝑚2𝑌𝑌44′ + 𝑚𝑚𝑌𝑌44′′ )𝑈𝑈4𝐵𝐵′̇ + (𝑌𝑌44′ + 𝑌𝑌44′′ )𝑈𝑈4𝑐𝑐′̇ = 𝑚𝑚𝐼𝐼𝑗𝑗?̇?𝐴 �  (47) 
mocemuli sqemis parametrebis mixedviT (47) gantoleba iRebs saxes: 
�
0 − 𝑗𝑗0.72210.2701 + 𝑗𝑗0.3610−0.2701 + 𝑗𝑗0.36100 − 𝑗𝑗0.7221 � �?̇?𝑈4𝐵𝐵′?̇?𝑈4𝐶𝐶′ � = �−0.2158 + 𝑗𝑗0.12460.2158 + 𝑗𝑗0.1246 �  (48) 
Aamonaxsni iqneba:   𝑈𝑈′ = �−0.6073 − 𝑗𝑗0.3507
−0.6073 + 𝑗𝑗0.3507�. 
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(48) gantolebis amonaxsnis gasammagebuli mniSvnelobebi warmoadgens 
Zabvebs dazianebuli me-4 xazis 𝐵𝐵 da 𝐶𝐶 fazebis gawyvetis adgilas. 
?̇?𝑈𝑓𝑓 = �−1.8222 − 𝑗𝑗1.0521
−1.8222 + 𝑗𝑗1.0521� 
simetriuli avariuli reJimi, miRebuli 𝑖𝑖 xazis yvela fazis gawyvetis 
Sedegad, SeiZleba ganvixiloT rogorc sami arasimetriuli reJimis zeddeba, 
TiToeuli miRebuli erTi fazis gawyvetis Sedegad, anu 𝑖𝑖, 𝑗𝑗,𝑘𝑘 StoebSi 
sxvadasxva (A,B,C) fazebis gawyvetiT miRebuli reJimebis zeddeba aRniSnuli 
Stoebis Serwymis pirobis  gaTvaliswinebiT.  
magaliTisaTvis ganvixiloT sami fazis gawyveta meoTxe StoSi (nax. 3a). 
angariSebi ganxorcielebulia mocemuli meTodikiT. pirdapiri (uku) 
mimdevrobis Canacvlebis sqema warmodgenilia nax.3b. sqemis parametrebi 
mocemulia fardobiT erTeulebSi. 
g tr1
g/x tr2
tr3
g/x
Sn
Sn
Sn
 
a) 
1.67 1Z
2.4
10.9
2Z
3Z
0.21 5
0.194Z
3.818Z
5Z
0.19
6Z
0.213
4 7Z
3.6
0.391
0.815 0.424
0.212
0.212
2
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b) 
nax.3 a, b. 
ganxiluli magaliTisaTvis nulovani mimdevrobis denebi ar iarsebebs. 
arasimetriuli wyvetebis nebismieri kombinaciis angariSi iwarmoeba pirdapiri 
da uku mimdevrobis sqemebis ganzogadoebuli parametrebiT, 𝑌𝑌′ da 𝑌𝑌′′  matricis 
elementebiT. avariamdeli reJimis aqtiuri parametrebi datanilia sqemaze 
nax.3.b ganzogadebuli parametrebi SeirCeva 𝑌𝑌′ da 𝑌𝑌′′  matricebidan. radgan 
vTvliT, rom qselis aqtiuri winaRobebi nulis tolia da gvaqvs mxolod 
induqtioba, meoTxe StosaTvis miviRebT: 𝑌𝑌44′ = 0 − 𝑗𝑗0,2123, 𝑌𝑌44′′ = 0 − 𝑗𝑗0,5516 
gawyvetamde meoTxe Stos fazebSi denebis mniSvneloba iyo: 
𝑖𝑖𝐴𝐴 = 0 − 𝑗𝑗0,212;  𝑖𝑖𝐵𝐵 = 𝑚𝑚2𝑖𝑖𝐴𝐴 = −0,1836 + 𝑗𝑗0,106;   𝑖𝑖𝐶𝐶 = −𝑚𝑚𝑖𝑖𝐴𝐴 = 0,1836 + 𝑗𝑗0,106 
Awarmodgenili meTodikis Tanaxmad sami fazis gawyveta warmodgenilia 
rogorc sami erTfaza wyvetis kerZo SemTxveva. es gvaZlevs saSualebas 
SevimuSaoT saerTo midgoma qselis nebismier StoSi fazebis erdrouli 
simetriuli da arasimetriuli gawyvetebis angariSisas.  
ganvixiloT mexuTe Stos 𝐴𝐴 fazis wyveta meoTxe StoSi samfaza wyvetis 
dros. amisaTvis virCevT aRniSnuli Stoebis sakuTar da urTierTgamtarobebs 
da angariSebs vawarmoebT formulebiT, romlebic gansazRvravs koeficientebs 
fazebis Tanxvedrisas, CamorCenisas da winswrebisas. 
𝑌𝑌1 = �𝑌𝑌44′ 𝑌𝑌45′𝑌𝑌54′ 𝑌𝑌55′ � = �0 − 𝑗𝑗0,2120 0 + 𝑗𝑗0,03770 + 𝑗𝑗0,1381 0 − 𝑗𝑗0,2120�, 
𝑌𝑌2 = �𝑌𝑌44′′ 𝑌𝑌45′′𝑌𝑌54′′ 𝑌𝑌55′′ � = �0 − 𝑗𝑗0,5520 0 + 𝑗𝑗0,13810 + 𝑗𝑗0,1758 0 − 𝑗𝑗0,5520�. 
Tanmxvedri fazebisTvis gveqneba: 
𝑌𝑌თანმხ = 𝑌𝑌1 + 𝑌𝑌2 = �0 − 𝑗𝑗0𝑗𝑗7640 0 + 𝑗𝑗0,17580 + 𝑗𝑗0,1758 0 − 𝑗𝑗0,7640�, 
CamorCenili fazisTvis gveqneba 
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𝑌𝑌ჩამორჩ = 𝑚𝑚𝑌𝑌1 + 𝑚𝑚2𝑌𝑌2 = �−0,2944 + 𝑗𝑗0,3820 0,0869 − 𝑗𝑗0,08790,0869 − 𝑗𝑗0,0879 −0,2944 + 𝑗𝑗0,3820� 
xolo winsmwrebi fazisTvis gveqneba: 
𝑌𝑌წინმსწრ = 𝑚𝑚2𝑌𝑌1 + 𝑚𝑚𝑌𝑌2 = � 0,2944 + 𝑗𝑗0,3820 −0,0869 − 𝑗𝑗0,0879−0,0869 − 𝑗𝑗0,0879 0,2944 + 𝑗𝑗0,3820 �. 
gantoleba, romelic asaxavs avariul reJims, mexuTe StoSi mxolod A 
fazisa da meoTxe StoSi samive fazis gawyvetis dros miiRebs saxes: 
⎣
⎢
⎢
⎢
⎡
(𝑦𝑦44′ + 𝑦𝑦44′′ ) (𝑚𝑚𝑦𝑦44′ + 𝑚𝑚2𝑦𝑦44′′ ) (𝑚𝑚2𝑦𝑦44′ + 𝑚𝑚𝑦𝑦44′′ ) (𝑦𝑦45′ + 𝑦𝑦45′′ )(𝑚𝑚2𝑦𝑦44′ + 𝑚𝑚𝑦𝑦44′′ ) (𝑦𝑦44′ + 𝑦𝑦44′′ ) (𝑚𝑚𝑦𝑦44′ + 𝑚𝑚2𝑦𝑦44′′ ) (𝑚𝑚𝑦𝑦45′ + 𝑚𝑚2𝑦𝑦45′′ )(𝑚𝑚𝑦𝑦44′ + 𝑚𝑚2𝑦𝑦44′′ ) (𝑚𝑚2𝑦𝑦44′ + 𝑚𝑚𝑦𝑦44′′ ) (𝑦𝑦44′ + 𝑦𝑦44′′ ) (𝑚𝑚2𝑦𝑦45′ + 𝑚𝑚𝑦𝑦45′′ )(𝑦𝑦54′ + 𝑦𝑦54′′ ) (𝑚𝑚𝑦𝑦54′ + 𝑚𝑚2𝑦𝑦54′′ ) (𝑚𝑚2𝑦𝑦54′ + 𝑚𝑚𝑦𝑦54′′ ) (𝑦𝑦55′ + 𝑦𝑦55′′ ) ⎦⎥⎥⎥
⎤
⎣
⎢
⎢
⎡
𝑢𝑢4𝐴𝐴′
𝑢𝑢4𝐵𝐵′
𝑢𝑢4𝐶𝐶′
𝑢𝑢5𝐴𝐴′ ⎦⎥
⎥
⎤ = � 𝑖𝑖4𝐴𝐴𝑚𝑚2𝑖𝑖4𝐴𝐴
𝑚𝑚𝑖𝑖4𝐴𝐴
𝑖𝑖5𝐴𝐴
� 
Tanmxvedr, CamorCenil da winmswrebi fazebisaTvis miRebul 
gamosaxulebebSi gamtarobebis mniSvnelobebis Casmisas miviRebT gantolebas, 
romlis amonaxsnic iqneba: 𝑈𝑈შტ =
⎣
⎢
⎢
⎡
𝑢𝑢4𝐴𝐴′
𝑢𝑢4𝐵𝐵′
𝑢𝑢4𝐶𝐶′
𝑢𝑢5𝐴𝐴′ ⎦⎥
⎥
⎤ = � 0,3824 − 𝑗𝑗0−0,1913 − 𝑗𝑗0,2812−0,1912 + 𝑗𝑗0,28130,3455 − 𝑗𝑗0 � 
miRebuli mniSvnelobebi warmoadgenen meoTxe da mexuTe StoebSi 
fazebis gawyvetisas Zabvebis pirdapiri mimdevrobis mniSvnelobebs. 
Tu movaxdenT mexuTe Stos 𝐴𝐴 fazis gawyvetisas avariuli parametrebis 
gamoTvlas (ar iarsebebs meoTxe Sto samive fazis gawyvetis gamo) sqemis 
axali konfiguraciisaTvis, miviRebT: 𝑢𝑢5𝐴𝐴′ = 0,3455 − 𝑗𝑗0, rac emTxveva zemoT 
miRebul mniSvnelobas. 
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დaსკვნa 
normaluri reJimis gaangariSebas gansakuTrebuli mniSvneloba eniWeba 
im garemoebebis gamo, rom am angariSis Sedegebi  aucilebelia ara marto 
eqspluataciis procesisaTvis, aramed aucilebelia sxvadasxva amocanis 
amoxsnis drosac. energosistemis normalurad funqcionirebisaTvis aseve 
aucilebelia avariuli reJimebisa da damyarebuli arasrulfaza reJimebis 
parametrebis gaangariSeba da analizi. damyarebuli arasrulfaza reJimebis 
ganxilvas gansakuTrebuli mniSvneloba eniWeba im garemoebebis gamo, rom 
energomomaragebis saimedoobis uzrunvelsayofad dasaSvebia xangrZlivi 
droiT aseTi reJimebis arseboba. 
gansakuTrebuli yuradReba aqvs daTmobili ganzogadebulparametrebiani 
matriculi gantolebebiT sistemis mdgomareobis aRweras da am gantolebebis 
gamoyenebas rogorc normaluri aseve avariuli reJimebis parametrebis 
gaangariSebis dros. 
kvlevis mizans warmoadgenda meTodikis damuSaveba, romelic iZleva 
avariuli parametrebis gaangariSebis saSualebas nebismieri saxisa da 
raodenobis grZivi dazianebis dros.  
eleqtruli qselis eleqtruli reJimebis parametrebis gaangariSeba da 
analizi warmoebs Canacvlebis sqemebis mixedviT. sqemis topologia aisaxeba 
incidenciis l  da  ll matricebiT, romlebic Tavis mxriv aisaxebian sqemis 
pasiuri parametrebis amsaxvel matricebSi. 
SemoTavazebuli unificirebuli meTodikis safuZvelze SesaZlebelia 
Sesruldes rTuli avariuli reJimebis gaangariSeba. arasimetriuli 
dazianebebis SemTxvevaSi, simetriuli sistemebisaTvis Camoyalibebuli Teoria 
gavrcelebulia avariuli reJimebis simetriul mdgenelebzec. rogorc 
cnobilia, arasimetriuli dazianebebis analizi eyrdnoba simetriul 
mdgenelTa meTods, romlis arsi mdgomareobs arasimetriuli reJimis 
daSlaSi sam simetriul reJimad, raTa Semdgom TiToeuli mimdevrobis sqemaSi 
gamoyenebuli iqnes yvela is meTodi, romelic samarTliania simetriuli 
34 
 
sistemebisaTvis. kavSiri mimdevrobebs Soris myardeba avariis adgilas im 
sasazRvro pirobebis mixedviT, romelic axasiaTebs ama Tu im dazianebas. 
erTfaza dazianebebis sasazRvro pirobebi mosaxerxebelia 
unificirebuli gantolebebis misaRebad. amitom warmodgenili meTodikis 
Tanaxmad, yvela saxis dazianeba ganxilulia rogorc erTfaza avariuli 
reJimebis zeddeba (damatebiTi SemzRudavi pirobebis gaTvaliswinebiT). 
gadamcemi xazis samive fazis gawyveta warmoidgineba rogorc sami erTfaza 
gawyvetis Sedegad miRebuli reJimis zeddeba (aseve ganixileba ori fazis 
gawyvetac). 
aseTi midgoma warmoadgens mecnierul siaxles. igi saSualebas iZleva 
wrfivi unificirebuli gantolebebiT aRiweros avariuli reJimiLerTdrouli 
simetriuli da nebismieri saxis arasimetriuli dazianebis dros. avariebis 
analizis saSualebebi ki SeuzRudavi gaxados. gantolebebis koeficientebi, 
anu Stoebis sakuTari da urTierTgamtarobebi, gaTvlili pirdapiri, uku da 
nulovani mimdevrobis sqemebisaTvis, warmodgenili meTodikis Tanaxmad, 
ucvleli rCebian avariebis nebismieri raodenobisa da kombinaciebis 
SemTxvevaSi, radganac avariuli reJimi modelirebulia nulovani winaRobis 
mqone Zabvis wyaroebiT. warmodgenili meTodikisa da programa MATLAB-is 
saSualebiT Catarebuli angariSebis safuZvelze Seqmnilia maTematikuri 
modeli. 
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